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INTRODUCTION 
"Comparatively little attention 
has been paid to how tactile 
maps are used by blind and 
visually impaired people." 
" It has been shown in a number 
of studies that blind and visu-
ally impaired people have 
d if.lieu! ty in constructing m1 
accurate and spatially inte-
grated mental representation of 
their environment from direct 
locomotion alone . .. " 
Use of Tactile Maps by Blind and 
Visually Impaired People 
Most research on tactile maps has focused on aspects of map design and 
methods of construction. Relatively little attention has been paid to the 
way in which blind and visually impaired people actually use tactile 
maps for everyday way finding tasks. This paper reports on studies 
carried out in Madrid and Sheffield which consider how people gain 
spatial knowledge from tactile maps. In the Madrid study, participants 
were introduced to an urban area by one of three instructional methods: 
direct experience, tactile map or verbal description. Those who learned 
the area with the map were considerably more proficient in following 
the route unguided than were participants who received the other two 
instructional methods. However the different methods had little effect 
on the participants' overall representation of the space. It is possible that 
the map reading strategies used by the participants were effective for 
gaining practical route-based knowledge but did not give the partici-
pants an overall spatial representation of the area. To explore this 
possibility further, the Sheffield study considered the effect of indi-
vidual differences in map reading strategies on the type of mental 
representation which visually impaired people acquire from a tactile 
map. It was found that those participants who acquired an accurate and 
full representation of the map used different map learning strategies 
from those who performed less well. We suggest implications of these 
studies for the education and rehabilitation of blind and visually im-
paired people. 
M ost research on tactile maps has focu sed on design aspects, such as discriminability of symbols and relative suitability of various tactile 
media (e.g. Thermoform vs. Microcapsule). Comparatively little attention 
has been paid to how tactile maps are used by blind and visually impaired 
people. Psychologists have long been interested in the way in which 
people form and manipulate mental representations of the spatial environ-
ment. Within this research area, a sma ll number of studies has considered 
the way in which blind and visually impaired people form mental repre-
sentations of space from direct experience and from tactile maps (Carreiras 
and Codina, 1992; Dodds, Howarth and Carter, 1982; Herman, Herman 
and Chatman, 1983; L'ngar, Blades, Spencer and Morsley, 1994). 
It has been shown in a number of studies that blind and visually 
impaired people have difficulty in constructing an accu rate and spatially 
integrated mental representation of their environment from direct locomo-
tion alone (Rosa and Ochafta, 1993; Spencer, Blades and Morsley, 1989). 
Maps, which provide the spatial structure of the environment at a scale 
accessible to touch and withou t the disorienting effects associated with 
travel in the real world, can overcome this difficulty (Ungar, Blades and 
Spencer, 1996; Espinosa and Ochafta, in press). Unfortuna tely tactile maps 
are still not w idely used, and we feel that this is partly due to a lack of 
understanding of tactile map use. 
This paper reports on two studies, each of which focuses on a different 
aspect of using tactile maps. The Madrid study compared the effectiveness 
of different instructional method s to provide visually impaired adu lts 
with the practical spatial knowledge necessary to navigate in a complex 
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urban environment, and with con figura tional knowledge of the spatial 
structure of the environment. The Sheffield study looks at the strategies 
used by blind and visually impaired children to learn a tactile map, 
focu~ing on the acquisition of an overall representation of an urban layout. 
Researchers \-VOrking 'vv ith sighted adults have found that learning about 
space b highly related to the instructional method used (Espinosa and 
Ochaita, 1997; Hirtle and Hudson, 1991; Lindberg and Garling, 1983). For 
example, when people learn a space using a map or a panoramic verbal 
description, the resulting spatial schemas are better co-ordinated than 
when the space is learned through direct interaction with the environment 
or from a sequential verbal description (Thorndyke and Hayes-Roth, 
1982). The Madrid stud\' examined the effects of different instructional 
methods on way finding performance and mental representations of space 
in blind <lnd visually impaired adults. 
Participants 
The participants were 301 visually impaired adults who were blind from 
birth or before six years of age. The participants ages ranged from 22 to 40 
years (mean= 29 years, 3 months). All the participants were employed by 
O\ICE (Spanish Organization for the Blind) in a variety of posts. All had 
the equivalent of secondary school (high school) education. None of the 
participants had any residual \' is ion which could be effectively used 
during the e'\periment. >Jone of the participants had received any formal 
training in the use of tactile maps for navigation. Participants were ran-
domly assigned to one of the three methods of instruction designed for 
this s ludv. 
Procedure 
P<lrticipants were required to walk and learn a comp le'\ route of 2,050 
meters in <ln unknown environment over four sessions (see Figure 1). The 
route consisted of eight landmarks, all of which could be recognized by 
kinesthetic, i'luditor\' and tactile cues. There were three different methods 
of instruction during the first session: 
Direct Experience: the participants, <iccompanied by the instructor, 
willked freely along the route. The c>..perimenter gu ided the participant 
but did not provide any descriptive information about the route. 
T,1ctile '.\1ap: the participants carried a tactile m<ip of the area vvith the 
route marked on it while they walked the route accompanied by the 
C'\perimenter. Again, the experimenter did not pro,·ide any details of 
the route. 
Verbal Description: as the participants walked the route the instructor 
provided i'l detailed \'erba l description of the route. 
In the subsequent three sessions, the participant \.vas asked to walk the 
route unguided. When the participant got lost, the experimenter allowed 
him I her to wa lk to the next intersection between streets. Then, we asked 
him or her the right way to reach the next landmark. If the participant 
knew the corrL'Ct direction, he / she was allowed to continue along the 
route, otherwise he I she was gu ided by the i nslructor to the next point of 
the route. 
1Although relati,·ely small, the sample size is necessitated by the relatively 
low incidence of visual impairments in the general population. 
LEARNI\IG A COMPLEX URBAN 
AREA BY THREE 
INSTRUCTIO\IAL METHODS 
"The ro11 tc consisted of eigli t 
ln11d111nrks, nil of which could be 
recognized by kinestlretic, 
nuditory 1111d tactile cues.'' 
" ... tire pnrticipn11ts cnrried n 
tnctile 11inp of the nrcn witlr the 
route 11inrked 011 it while the11 
wnlked the route ncco111pn11ied 
by tire experi111e11ter." 
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"The participant's behavior was 
video-recorded 011 all sessions. 
The information from these 
recordings was combined with 
behavioral maps . .. " 
"A participant was considered 
to be lost when he or she did not 
know the way to the next 
landrnark." 
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Figllrc 1. 
The participants' behavior was video-recorded on all sessions. The 
information from these recordings was combined with behavioral maps 
(which were drawn by the instructor as she accompanied the participants) 
and were analyzed using a number of different measures of practical 
spatial knm-vledge, some of which had proved effective in previous 
studies by the Madrid research team (Ochaita, Huertas and Espinosa, 
1991 ). During the second and fourth sessions, the participants were also 
asked to make direction and distance estimates between all the landmarks, 
which yielded three measures of configurational knowledge. Thus the 
following six measures were used in the analysis: 
Measu res of Practical Spatial Knowledge 
Meters: the number of meters by which the participant deviated from the 
specified route, measured as the difference between the total number of 
meters walked by a participant and the total length of the specified 
route, or 2,050 meters. 
Stops: the number of times the participant paused while navigating the 
route for any reason. 
Lost: the number of times the participant lost his / her way. A participant 
was considered to be lost when he or she did not know the way to the 
next landmark. In this situation, the experimenter allowed the partici-
pant to walk to the next intersection, and then asked him or her the 
way to the next landmark. If the participant was not able to give the 
correct directions, he or she was led by the experimenter to the next 
point on the route. 
Measures of Configurational Knowledge 
Direction Error: the deviation in degrees between the participant's 
estimate of d irection and the actua l direction. 
Euclidean Distance Error: difference between the participant's estimate 
and the true Euclidean (i.e. Crow-flight) distance. 
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Functional Distance Error: difference between the participant's estimate 
and the true functional (i.e. City-block) distance. 
Results 
Analyses of variance (ANOVA) were carried out for each of the six mea-
sures on the data from the fourth session to determine the effect of the 
instructional conditions on the practical and representational spatial 
knov·1ledge of the participants. 
Practical Spatial Knmvledge: The results showed a significa nt effect of 
the different conditions on practical spatial knowledge in two of the 
measurements (see Table 1): meters (F = 5.987, p < 0.05) and lost (F = 7.324, 
p < 0.05). The participants who learned the route with a tactile map lost 
their way less often and \.valked fewer meters off the specified route than 
the o ther two groups. Performance was poorest when participants re-
cei\·ed a verbal description of the route vvhile walking, resulting in higher 
scores on 'meters' and 'lost'. The number of stops \Vas not significantly 
affected by the type of information which the participants received. 
Condition Meters Stops 
DE 275 5.00 
DE+Map 50 1.60 
DE+Verbal 462.5 2.00 
Tn1'/c I Lffcct ,,( i11.;lr11ctio11al w11diti<111 011 J>ractiml •11atrnl 
kll<•i.t 1fr1('\C al'LTt1Sl' l'1ll1tc~ 
Lost 
2.00 
0.00 
2.25 
Spati,11 Representation: The results showed a significant effect of 
instructional condition on functional distance errors (F= 3.716, p< 0.05). 
The -.ubjccts \\'ho learned the route with direct e\perience +tactile map 
haH' higher error scores on functional distances estimation than the 
particip.111ts who learned the route •.vith by direct c\perience alone (see 
Table 2). 
Euclidean Functional 
Direction Di stance Distance 
Condition Error Error Error 
DE 35° 61.56 -W.74: 
DE+\fap 38° 6 l.-l4 60.00 
DE+Verbal 34° 56.]] 57.70 
Discussion 
These results -.uggest that the combination of direct e\perience and a 
tactill' map is a very good method for gi\·ing \·isu,1lly impaired people 
practicill knowledge of the environment; although participants in this 
condition did walk some distance off the taught route, they never became 
completely lost. However, the map seemed not to provide them with a 
coordin,1ted spatial representation of the area. ln this respect, it should be 
noted thC1t blind and visually impaired people arc genera lly taught to 
orient themsch-c::-. on the basis of route knowledge of the environment (i.e., 
Knowledge based on landmarks linked in sequence), and thus may not 
have h.1d experience of forming O\'erall representations of their environ-
"The participants who learned 
the route with a tactile map lost 
their iuny less often and walked 
fewer meters off the specified 
route than the other two 
groups. 
"However, the map seemed not 
to provide them with a coord i-
11a ted spatial represrntatio11 of 
the area." 
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"This suggests that visually 
impaired people would benefit 
with training i11 the use of 
effective strategies for coding the 
spatial information contained in 
tactile maps." 
STRATEGIES FOR ACQUIRJNG 
INFORMATION FROM 
TA CTI LE MAPS 
"But the visually i111paired map 
reader 11111s t discover this 
i11for111atio11 by constructing it 
fro111 sequential scanni11g of the 
map, formi 11g refen.>11ce frame-
works a11d gradually establish-
ing an overall, integrated 
impressio11 of the map." 
ment. So they may require training in the use of effective strategies for 
coding the spatial information contained in tactile maps. 
The results clearly differ between practical and the representational 
measures. While the use of a tactile map in conjunction with a direct 
experience is a good method for giving visually impaired people practical 
knowledge of the environment, it is not clear that the map allowed them 
to acquire a coordinated spatial representation of the area. It should be 
noted that the participants had several years of experience of route-based 
way finding, and may not h ave had experience in forming overall repre-
sentations of their environment. This suggests that visually impaired 
people would benefit with training in the use of effective strategies for 
coding the spatial information contained in tactile maps. 
The Madrid study showed that, while maps are clearly effective for 
introducing visually impaired people to a route, they were found to be no 
more effective than the other instructional methods for providing a global 
representation of the mapped space. However, as the Madrid study 
focused on group differences in way-finding ability, the Sheffield study 
was carried out to consider the possibility that the group scores may have 
concealed individual differences in strategies used by visually impaired 
people to acquire information from a tactile map. It has previously been 
found with sighted people that differences in strategies can account for 
differences in the resulting mental representation of the map (Thorndyke 
and Stasz, 1980). 
When a print map is viewed by a sighted person, a great deal of infor-
mation such as the relative and absolute positions of locations, the relative 
orientations of roads and the divisions between regions is instantly 
available. But the visually impaired map reader must discover this infor-
mation by constructing it from sequential scanning of the map, forming 
reference frameworks and gradually establishing an overall, integrated 
impression of the map. For this reason it is important that a visually 
impaired map user has effective strategies for learning information from a 
tactile map. In previous studies we found a close relationship between the 
tactile scanning strategies spontaneously used by visually impaired 
children and their performance in spatial tasks (Ungar, Blades and Spen-
cer, 1995; Ungar, Blades and Spencer, l 996a; Ungar, Blades and Spencer, 
1996b). We examined the relationship between map reading strategies and 
the ability of map readers to acquire information from a tactile map. 
Participants 
l'\ineteen children with visual impairments (VI group) took part in the 
study; of these children seven were totally blind and twelve had limited 
residual ,·ision. All usually read Braille. Twenty-two sighted children also 
took part in the study so that comparisons could be made between the 
performance of the children with visual impairments and the performance 
of children with sight. The children were divided into three age groups: a 
young group (6 and 7 year olds), a middle group (8 and 9 year olds) and an 
older group (10 to 13 year olds). 
Materials 
A map of an imaginary town center (30cm x 42cm) was constructed in 
tactile and print forms (see Figure 2). It included thirteen named roads, 
nine labeled places and a river. The materials a lso included a metal board 
(30 cm x 42 cm) and a box of magnetic pieces used for map reconstruction. 
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ROSE STREET 
BREAD STREET 
Pieces \Vere provided to represent roads, places and the river- there were 
more than three times the number of magnetic pieces required to recon-
stru ct the map. 
Procedure 
The sigh ted children were g iven the print map and the visually impaired 
ch ild ren were given tactil e maps. All children were initially asked to learn 
the map for seven minutes. During this learning period they were asked to 
talk ,1 loud Clbout everything they noticed on the map and everything they 
though t C1bout whi le they \Vere trying to learn it (cf. Gilhooly, et.al., 1988; 
Thorndyke and Stasz, 1980). At the end of the learning period the map was 
remo\'ed, participants were given the metal board and magnetic pieces 
and were asked to reconstruct the map from memory. As the participant 
placed each piece on the board and named it, it was labeled by the experi-
menter with either a Braille or a print label. The recons truction was 
p hotographed and the magnetic pieces were removed. 
This procedure was repeated twice. Thus, in al l, the participants learned 
the map three times and made three reconstructions. All three learning 
and reconstruction periods \·Vere \'ideotaped to provide a complete record 
of the participants' commentaries and perform ance. 
Analysis 
The participants' commentaries were analyzed for s tatements which 
referred to : map objects; methods of learning the map; intentions to use 
particular techniques; and comments about their own performance. The 
.;;trategy types were derived from previous pilot s tudies on learning tactile 
maps. For each child's transcript we calculated number of statements of 
each strategy type expressed as a proportion of the total number of 
s tatements by that child. Man \:Vhitney lJ tests were used to test for any 
"The sighted children were 
given the print 111ap and the 
visually i111pnired children ·were 
gipen tactile maps. All children 
were initially asked to learn the 
map for seven minutes." 
"Th11s, in nil, the pnrticipmzts 
Teamed the map three times and 
made three reconstructions." 
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"The children's reconstructed 
maps from the third trial were 
scored on two criteria - one 
objective and one subjective." 
" .. . children with visual i111pair-
111ents spent more time rending 
out 11n111es or traci11g routes 
around the map ... " 
" .. . successful learning of the 
111np was associated with the use 
of a specific set of strategies;" 
differences between the experimental groups in the mean proportion of use 
of each strategy type. 
The children's reconstructed maps from the third trial were scored on 
two criteria - one objective and one subjective. For the objective criterion, 
the children scored one point for every map element placed within 4 cm of 
its original position on the map. Thus each child could score a maximum 
of 23 (13 roads+ 9 locations+ the river). For the subjective criterion, each 
map was rated by one of the experimenters and an independent rater. The 
children's maps were ranked blind according to how well they resembled 
the original map, in particular, how well they preserved the spatial 
relationships between locations and the interconnections between roads of 
the original. There was 95% agreement between two independent judges 
who rated the maps. 
Results 
In this section, we will report only those results which were significant at 
the 0.05 level. 
An analysis of the accuracy of the maps revealed no differences be-
tween totally blind and residual vision groups. However, both these 
groups were significantly less accurate in reconstructing the map than the 
children with sight (by both criteria). There were no significant differences 
by age. There was great individual variation in performance within and 
across groups. 
A comparison of the learning strategies used by the visually impaired 
children and the children with sight revealed that the children with visual 
impairments spent more time reading out names or tracing routes around 
the map, they also tended to describe features on the map without inter-
preting them as symbols, and they were more likely to bring in general 
knowledge which was not directly relevant (e.g. By making comments like 
" there should be a roundabout in the park"). In contrast, the children ·with 
sight more frequently mentioned the position of features on the map with 
reference to the frame of the map or relative to the position of other 
featu res, and they made more frequent comments about patterns formed 
by groups of roads or features on the map. 
A second analysis focused on the ch ildren with visual impairments. A 
comparison was made between the strategies used by the seven visually 
impaired children who produced the most accurate maps and the strate-
gies of the seven visually impaired children who produced the poorest 
maps. There were t·wo significant differences in the way that these two 
groups of children learned the map - the more accurate children more 
frequently related features to the frame of the maps and more frequently 
mentioned the relationships between features. 
Discussion 
In the Sheffield experiment, successful learning of the map was associated 
with the use of a specific set of strategies; children who focused on the 
relative and absolute locations of objects on the map as well as on patterns 
formed by groups of map objects, tended to perform better than other 
chi ldren. This accounts for the better performance of the sighted chi ldren 
who more often reported using such strategies than did the blind children 
and distinguishes bet\.veen the good learners and the poor learners within 
both sight groups. 
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Both of these studies show that people with visual impairments can use 
tactile maps effectively. In the Madrid study, a tactile map used in conjunc-
tion with direct experience was shown to be more effective than direct 
experience alone or than direct experience plus verbal description for 
familiarizing visually impaired adults \•Vi th a long and complex route 
through an urban areil. The fact that they did not gain a faithful global 
representation of the mapped area may be due to the strategies they used 
to acquire and organi.le the information from the map. 
The Sheffield studv shO\"-'ed that individual differences in the ability to 
learn a tactile map o{an urban area were closely related to the strategies 
which the young people used while learning the map. Good map learners 
tended to focus on the spatial relationships between items on the map, 
local ilnd global patterns forn1ed by map elements and the locations of 
places and structures in relation to the external framework of the map. 
Future work \viii look at ways of introducing people with visual 
impilirments to the overall layout of em·ironments through tactile maps 
and at ways of training tactile map users to emplov more effective strate-
gies which may allow them to extract a richer representation of the envi-
ronment from a tactile map. 
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GENERAL DISCUSSION AND 
CO CLUSIONS 
"Good map learners tended to 
focus on the spatial relation-
ships betwee11 items 011 the map, 
local and global patterns formed 
by map elements and the loca-
tions of places and strnctures in 
relation to the external fra111e-
work of the 111ap." 
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